I. Measurement schemes to eliminate artefacts in nonlocal detection
Measurement artefacts may appear when typical lock-in measurement setup (shown in Supplementary Fig. 2b ) is used for detection. An example of the artefact is shown in Supplementary Fig. 1a , where the peak in are distorted and negative appears. We found that the negative peak was spurious signal from the measurement setup, as we shall discuss below.
The spurious signal came from the common mode voltage at the current injection side of the Hall bar (marked by the red dot in Supplementary Fig. 1b ). Since lock-in amplifier input typically has a single-ended input resistance of ~10 MΩ to the ground (we use Stanford Research Systems SR830), induces current through the two nonlocal leads (3 and 4 in Supplementary Fig. 1b ). Resistance imbalance between the two nonlocal leads could therefore induce a spurious voltage difference at the input of the lock-in amplifier:
where and are the total resistance from cross at the local side of the Hall bar (red dot in Supplementary Fig. 1b ) to the input of the lock-in amplifier. and include BG resistance, contact resistance at the nonlocal electrodes (3 and 4 in Supplementary Fig. 1b) , and resistance of the voltage leads, and are typically on the order of 1 MΩ. In a typical measurement, V CM ≈ 10 mV assuming a sample resistance on order of 1 MΩ and current excitation of 10 nA. A difference of ~ 10 kΩ in and , which is also typical, would introduce a on the order of ~ 1 μV. Such a spurious voltage is on the same order of magnitude as the real valley Hall nonlocal signal, and is indeed what we have measured in Supplementary Fig. 1a . We note that incomplete rejection of at the lock-in pre-amplifier, as well as the capacitive coupling between the voltage probe leads, could also induce spurious effects in principle. Those effects, however, can be suppressed 1) by the high common mode rejection ratio ~10 5 found in typical lock-ins, and 2) by operating the lock-in at low frequencies (~ 3 Hz in our case).
The spurious voltage can be eliminated by careful design of the measurement setup. Here we describe three measurement schemes that are able to detect true nonlocal valley Hall signal without distortion.
First, can be reduced by increasing the input impedance of the voltage meter, as is apparent in Eq. (1). This can be achieved by replacing lock-in amplifier with high input impedance voltage meters such as Keithley 2182A nanovoltmeter ( > 10 GΩ ) as shown in Supplementary Fig. 1c . We found that the nanovoltmeter, used in combination with Keithley 6221 precision current source operating in delta mode, yielded satisfactory measurement results as shown in Supplementary Fig. 1f (Method A) .
Second, can also be reduced by suppressing . To this end, we took advantage of a feedback circuit consisting of an operational amplifier (OPA), and devised a measurement setup schematically shown in Supplementary Fig. 1d . The OPA kept the voltage level at the cross centre (marked by blue dot in Supplementary Fig. 1d ) at zero while maintaining the same current flow, so the measurement circuit was not disturbed. We confirmed that this method suppresses down to < 1 μV, and gave a good measurement of as shown in Supplementary Fig. 1f (Method B).
Third, the effect of can be eliminated altogether by floating the nonlocal signal detection setup, and measuring the nonlocal current instead of voltage as illustrated in (Supplementary Fig. 1e ). To float the current amplifier (DL Instruments Ithaco Model 1211), we powered it with battery, and used an optical isolator to retrieve the output signal without bridging the ground. The nonlocal voltage ( Supplementary  Fig. 1f , Method C) was then obtained by multiplying the measured nonlocal current with the internal impedance of the nonlocal signal.
The three independent measurement gave consistent nonlocal measurement results ( Supplementary Fig. 1f ). The excellent agreement among them indicated that the spurious voltage can be effectively suppressed. is suppressed by a voltage-balancing OPA. e, Nonlocal current measurement with a floated current amplifier. The output of the amplifier is transmitted through an optical isolator to keep the amplifier floated. f, as a function of obtained using the methods described in c, d and e. The sample is the same as in a, but the spurious signal is now eliminated from the measurements. The results from three independent measurements agree with each other well.
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II. Characterizing nonlocal voltage signal
We provide basic characterization of the nonlocal voltage signal in this section. To ensure reliable nonlocal voltage measurement, we made sure that the electrical contacts to BG was ohmic. This is shown in Supplementary Fig. 2a , where the linear I-V characteristics at the CNP of biased BG indicate that the contacts remain ohmic even when BG is gapped. The measurement was done at = 70 K, the same temperature where our nonlocal measurements in Fig. 2 were performed.
We then performed a set of basic checks on the nonlocal voltage measurements to rule out artefacts potentially from other sources such as heating effect S1 . The nonlocal voltage changed its sign when the local current injection was reversed ( Supplementary  Fig. 2b ), indicating that heating effect was negligible in our setup. We also checked the 2f output in our lock-in measurement, did not observe discernable signal from heating effect. In addition, our nonlocal measurement satisfied the universal reciprocal relation, i.e. we observed the same signal if the current and voltage probes were swapped Supplementary Fig. 2b ).
Finally, we characterized the output impedance of the nonlocal voltage. In the measurement setup shown in Supplementary Fig. 2c , nonlocal current is a function of a known external resistance 0 we add in the circuit:
where represents the output impedance of the nonlocal voltage signal (with lead resistance neglected). Eq. (2) implies a linear relation between 0 and / : 0 = ( ⁄ ) − . Indeed, as we changed 0 from 0 to 2 MΩ, 0 v.s. / fell on a straight line, whose slope and intercept yielded a measurement of and , respectively ( Supplementary Fig. 2d ). We noted that the obtained this way agreed with that from independent measurements described in Section I under the same condition. The of 0.5 MΩ also agreed with the sample resistance between the nonlocal probes determined separately. The fact that and were independent of excitation current ( Supplementary Fig. 2d ) corroborate our finding that no sample heating occurred during the measurement. Fig. 2. a-d , Local and nonlocal resistance as a function of with fixed at different values. The length and width of the sample are 4 m and 1.5 m, respectively. Broken lines show expected ohmic nonlocal contribution, which is again much smaller than the observed (orange). We note that the peaks in are not aligned with peaks in . Such misalignment was sample dependent, and we found it most likely due to inhomogeneity present in some of our BG samples (see section IV). e and f, local and nonlocal resistance measured as a function of both and . , where the three terms correspond to contributions from thermal activation, nearest-neighbour hopping and variable-range hopping, respectively S4 (solid lines are the fitting results). We obtained energy scales , 2 and 3 from the fitting, and 1 , 2 and 3 are free parameters.
III. Additional sets of nonlocal measurement Supplementary Figure 3 | Local and nonlocal response of a biased BG different from the one shown in
gives a measurement of BLG band gap; 2 is the nearest-neighbour hopping energy; and T3 is the onset temperature of variable-range hopping conduction. The broken lines represents individual contributions from thermal activation, nearest-neighbour hopping and variable-range hopping obtained from the fitting. b, , 2 and 3 as functions of obtained from the fitting in a. Both and 2 increase linearly with , and the broken lines are guide to the eye. Finite contribution from variable-range hopping appeared at ≥ 0.5 V/nm. These results are consistent with those reported in ref. S3-S5 . c, Peak values of at CNP measured as a function of . At low temperatures (25 K and 50 K), the transport is dominated by thermal activation and nearest-neighbour hoping at low and high , respectively. Both thermal activation and nearest-neighbour hoping give exponential dependence of on , and the broken lines are plots of the two contributions with parameters obtained from fitting in a. At high temperatures ( T ≥ 80 K), thermal activation alone dominated the transport at all . d, (solid symbols) and the exponent of nonlocal transport in the thermal activation regime (empty symbols) plotted as a function of | |. Data were obtained by fitting of the slope at the linear part in the inset of Fig. 3a and 3b . The data were obtained from two samples: sample A is the same sample shown in Fig. 3a-c; sample B is the same sample shown in Fig. 2 . The measured agrees well with the BLG bandgap calculated with self-consistent tightbinding method (solid green line). The broken line is a linear fit to . is much larger than , probably because the power law relation between and : ~. Indeed, the slope of is ~2.8 times larger than that of , which is consistent with = 2.77 ± 0.02 obtained from the scaling between and (see main text).
VII. High-temperatures local and nonlocal transport in different samples
Supplementary Figure 7 | Thermally activated transport at high temperatures in different samples. a and b, Arrhenius plots of peak resistance of and at CNP as functions 1/ for sample C and D (sample D is the same sample shown in Fig. 3d ). The solid lines were obtained by sweeping temperature at CNP, and the scattered data points were obtained from gate sweeps at fixed temperatures. The black broken lines are linear fit in the thermal activation regime. The onset of the hopping regime (black arrows) is different in the two samples under comparable electric displacement fields. In both samples, decreased slowly with increasing temperature in the hopping regime, and dropped rapidly to 0 in the thermal activation regime. Such behaviour is consistent with the substantially different energy scale and 2 (Supplementary Section V). High temperature operation is therefore possible in samples with high onset
